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ABSTRACT 

Using published and previouslq unpublished data, the present paper compares the value of four 
centrifugal partition chromatograph) systems for measuring partition coefficients. ‘The hest results (broad 
applicahilit!. log P range - 3 tn + 3, precision. effectiveness) were ohtaincd with the Ito multilayer coil 
separator -extractor and the horizontal fluu-through multilayer centrifugal partition chromatography 
model. Excellent correlations were found with published log P values obtained hq the shake-flask method. 

INTRODL’CTION 

Lipophilicity, as expressed by the partition coct%cicnt P, has since the pioneer- 
ing work of Meyer [I] and Overton [2] become a major physicochcmical parameter in 
medicinal chemistry. This properry is often a determinant of the pharmacokinetic and 
pharmacodynamic behaviour of xenobiotics [j-6]. Thermodynamically, partition 
coefficient is defined as a constant relating the concentration of a solute in two im- 
miscible phases at equilibrium [7,X]. A number of experimental models are currently 
used to simulate partition processes in biological systems and to determine lipophilic- 
ity. The “shake-flask” (SF) method. using water and a poorly misible organic solvent, 
is the technique most widely used for measuring partition coefficients [9.10]. I-Octa- 
noI_~water is universally accepted as the standard biphasic solvent system [9], but 
other solvents are of value. for example in understanding the relative contribution of 
hydrogen-bonding capacity to lipophilicity [I I 141. However. despite its value, the 
SF method suffers from a number of practical limitations. such as lack of precision, 
solute stability or volatility. solute impurities, formation of microemulsions, time 
consumption, etc.. as previously discussed by Dearden and Bresnen 1151. 

Partition chromatography has been explored as an alternative means for mea- 
suring lipophilicity. In particular. chromatographic retention parameters obtained by 
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reversed-phase high-performance liquid chrornatographq (RP-HPLC) have become 
increasingl\ popular in replacing the I-octano~~~atcr partition coefficients mcasurcd 
by the SF method [16~ 191. However. the assumption that the mechanism of retention 
in RP-HPLC should bc similar to the mechanism of partitioning in a I-octanol-water 
system is an o\,crsimplification. Indeed. the chemically bonded solid phases are ex- 
pected, o\ving to the restricted mobility of the bonded alkyd chains and the presence of 
a solid support with a non-negligible proportion of residual silanol groups. to display 
;I partitioning beha\iour different from that of a true liquid such as I-octanol [20-221. 

Recently, centrifugal counter-current chromatography. also known as ccntrifu- 
gal partition chromatography (C‘PC). has been explored as a novel technique for 
measuring liquid liquid partition co&Gents [23-301. This is ;I unique form of liquid - 
liquid partition chromatography that eliminates the need for a solid support: in other 
\vords. adsorption il; precluded by the absence of a solid support, and solute retention 
depends on]\, on its partition coeficicnt. Two poorly miscible liquids are used as the 
stationary and mobile phase. .4 centrifugal force maintains the stationary phase, 
while the mobile phase is pumped through the system. During the last decade. various 
CPC systems have been developed. such as the flow-through multilayer coil planet 
centrifuge [3 1.321, the horizontal non-through multilayer coil planet centrifuge 
[33.34]. the toroidal coil planet cenlrifugc [35.36]. and the multichannel cartridges 
CPC [37.3X]. 

In this paper WC attempt to asses the potential application of four different 
centrifugal counter-current chromatographic techniques. namely multichannel car- 
tridges CPC, toroidal coil planet centrifuge. Row-through multilayer coil planet cen- 
trifuge and horizontal flow-through multilayer coil planet centrifuge. in measuring 
partition coefficients. 

TfIEORY I\ND GtYFR.11. COUSIDERA’IIONS 

Centrifugal counter-current chromatography is a liquid liquid chromatograph- 
ic technique rcscmbling to some cstent droplet counter-current chromatography 
(DCCC). In DCCC. the stationar!, phase is retained in a series of vertical narrow- 
bore tubes, while the mobile phase. depending upon its density. is pmnped through 
the system in the ascending or descending mode in the form of small droplets [39%41]. 
CPC differs from IX’CC in that centrifugal and, OI- Archimedian screw forces main- 
tain the stationary phase. while the mobile phase is pumped through. These features 
allow high partition efficiency and large retention capability of the stationary phase 
under a high How-rate of the mobile phase. 

In ~1 recent review [42], Ito presented the historical background. de\:elopment 
and mechanisms of distribution of stationary and mobile phases in the CPC coil. 
classifying CPC’ systems into two types, namely hydrostatic equilibrium systems and 
hydrodynamic cquihbrium systems. Briefly. the hydrostatic systems USC a stationary 
coil. for example PTFE tubing such as those used in the toroidal coil planet centrifuge 
chromutograph [3S.36] or multichannel cartridges such as those cased in the Sanki 
CPC chromatograph [37,38]. Mcasurcments begin with filling ~hc coil with the sta- 
tionary phase: and then the mobile phase. depending on its density, in introduced at 
the head or the tail of the coil. displacing nearly half the volume of the stationary 
phase in the coil. Hence. solutes introduced at the inlet of the coil are subjected to a 
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continuous partitioning process between the two phases. In this system, the retention 
of the stationary phase and the distribution of stationary and mobile phases in the 
coil are governed mainly by the centrifugal force. 

In hydrodynamic systems such as the flow-through multilayer coil planet cen- 
trifuge [3 I.321 or the horizontal flow-through multilayer coil planet centrifuge [33,34]. 
the rotation of the coiled column around its own axis creates an Archimedean screw 
force which. in combination with a revolutionary centrifugal force tob,ards the centre 
of the centrifuge. allows a continuous mixing of the two phases while retaining a high 
proportion of the stationary phase. Using a stroboscope, Ito [42] obser\red that under 
high centrifugal forces and flow-rates the mixing zone. located near the centre of the 
centrifuge wfhere the centrifugal force is cjreakest, travels towards one end of the coil. 
This indicates that the t\vo phases are subjected to a t>,pical partitioning process of 
repetitive mixing and settling at a high rate of over 13 times per second while the 
mobile phase is steadil), passing through the stationary phase. These features provide 
a high partition efficienq and a high retention capability of the stationary phase 
under a high How-rate of the mobile phase in comparison \vith the hJ%drostatic sys- 
tems. For more detail, the reader is referred to the excellent review of Ito [42]. 

In these s>‘stems, the partition coefficient (log Fpc) is defined as the ratio of 
solute concentration in the stationary phase and in the mobile phase. In solivent 
systems using uater as mobile phase. the partition coetlicient is calculated as: 

(1) 

\irhere IX is the retention Lrolume of the solute, i’\, is the dead volume (mobile phase 
volume) and Is is the stationary phase volume. In our laboratory. the dead volume 
( I vhl) \vas determined using potassium dichromate as the non-retained compound. 
Using the organic sol\.ent as mobile phase, the partition coefFicient is readily calculat- 
ed as: 

log PPCP = log [( I ‘s, I ‘R - 1 ‘M] (3 

In this case. the dead volume ( C’M) nm determined using anthracene as the non- 
retained compound. 

What distinguishes the toroidal coil centrifuge from other CPC apparatus is 
that movement of coloured solutes can be observed continuously through the trans- 
parent coil using a stroboscopic light source [35]. This feature allows the measure- 
ment of highly lipophilic or highly hydrophilic solutes which take a very long time to 
elute. In such cases. the retention time (fR) can be calculated when the solute is still far 
from the column outlet by measuring the distance of the position of the centre of the 
solute band (*Y,) at time t as: 

fR = t( ‘YR X,) (3 

\vhere 2YR is the distance of the circumference of the support around which the coil is 
wound. Hence, I ‘R can be calculated from the predetermined flow-rate of the mobile 
phase [3 I]. 
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EXPERIh1ENT,ZL 

A Model CPC-LLN chromatograph (Sanki Engineering. Kyoto. Japan) con- 
nectcd to a 2238 U\-icord IT detector operating at 254 nm (LK B. Bromma. S\\eden) 
and ;I 600 chart recorder (W + W Scientific, Basle. Switzerland) \vas used. The chro- 
matograph was fitted Lvith tu.el\,c Type 250W cartridges (total volume 250 ml) placed 
in the rotor of a centrifuge [38]. Each cartridge is composed of four poly(chlorotriflu- 
orocthi\,lene) plates and fi\re PTFE sheets. The rotor is thermostated in a constant- 
temperature box. and all experiments were performed at 30°C. Solvent was delivered 
by a Sanki constant-flow pump (Model LBP-V. Sanki Engineering). The apparatus 
was lirst packed with the stationary phase and then the mobile phase was pumped 
through. Depending upon the density of the two phases, the eluent ~vas pumped in a 
head-to-tail or tail-to-head mode. A systematic determination of the dead voluine is 
very important in the Sanki CPC-LLN model because of continuous “bleeding” of 
the stationary phase [25]. 

The original design of the toroidal coil centrifuge has already been described 
[30]. A helical column is mounted in the periphery of the column container located on 
the top of the rotor. The helical column uas prepared by winding PTFE tubing (0.55 
mm I.D.) (Zeus Industrial Products, Raritan, NJ. USA) around a nylon tube (I 10 cm 
x 4 mm O.D.) to make w. 830 turns with a total capacity of 4.0 ml. The movement of 

coloured solutes \vas obserised by stroboscopic illumination Lvith a i*isible light 
source. 

In a preiious study [30]. I-octanol and 0.1 .‘lZ phosphate aqueous buffer were 
used as stationary and mobile phases. respectively. The rotational speed was adjusted 
to 1000 rpm and the flow-rate bras 0.4 ml min. 

A preparati\re coil (3.6 mm I.D., 370 ml volume capacity,) was fitted in an lto 
multilayer coil separator-extractor (P.C. Inc.. Kim Place, Potomac, MD. USA). For 
commuting betLveen “head” and “tail” ends of the coil, an SRV-4 four-way valve 
(Pharmacia, Uppsala, Sbveden) kvas installed. The solutes were injected through a 
Lobar six-port l,alve injector (Merck, Darmstadt, Germany) with a 2.5-ml loop 
mounted. A Uvikon 725 UV detector (Kontron, Zurich. Switzerland) equipped with 
a QS 1 .OOO 80-111 UV cell was used. The chromatograms were recorded with a Model 
3392A integrator (Hewlett-Packard. Meyrin, Switzerland). A more detailed descrip- 
tion of the apparatus \vas reported by Slacanin t7t trl. [43]. 

I -0ctanoLaqueous buffer and n-heptane aqueous buffer solvent systems were 
used. The rotation speed of the rotor was about 1000 rpm. Depending upon the 
estimated distribution coefficient values. the flow-rate and the volume ratio of sta- 
tionary and mobile phases were selected so that reasonable and precise retention time 
of solutes could be obtained. Thus. a flow-rate of 0.5 ml, min and a 36: 1 volume ratio 
of stationary and mobile phases were emploqred for hydrophilic compounds with log 
P values smaller than - 2.3. The other experimental details were as previously report- 

ed [29]. 
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The horizontal flow-through multilayer CPC model, CCC- 1000 ( Pharma-Tech 
Kescarch. Raltimorc. MD. USA) consists of three columns, each being helically 
wound with five layers of PTFE tubing (3.00 mm I.D.. 3.94 mm O.D.. volume capac- 
ity I I5 ml). A Kontron Model 431 UV detector and a Model 430 HPLC pump 
(Koncron) wcrc used. The chromatograms were recorded with a 3392A integrator 
(Hewlett-Packard). The cxpcrimental procedure is the same as for the Ito multilayer 
coil separator extractor. 

All compounds were of highest available purity and were obtained from differ- 
ent pharmaceutical and chemical comparies. Analytical grade I-octanol. cyctohcx- 
ane, rl-heptane and 3-morphotinopropane sulfonic acid (MPS) were purchased from 
Merck. 

RF.SI:LTS AND DISCUSSION 

,9/trl/i~~hantzc~l curtridge CPC. Tcrada ef trl. [23.24] have measured the parlition 
cocfficicnts of various organic compounds using the Sanki CPC model and a solvent 
system consisting of I-octanol n-hcxane (20:80)-water solvent system. A good linear 
relationship between (I-octane-n-hexane (20:80)-water partition coefficients (log 
Fpc‘) and I-octanol-water partition coefficients measured by the SF method (log PSF) 
was found. The reason for using octanol hexane mixtures as the organic solvent was 
to decrease the high viscosit! of I-octanot. which caused pressure problems. How- 
ever. the dccrcase in polarity of the octanot resulting from the addition of /I-hoxane is 
known to intlucncc dramatically the mechanism of partitioning compared with the 
1-octanol water solvent syslcms [44]. Berthod and Armstrong [X.36] showed that the 
Sanki CPC model can be used directly to determine I-octanol uater partition coeffi- 
cients over a tog P range of - 2 to 3 by changing the number ofcartridges in the rotor. 

A recent study [28] has also compared the partition coefficients obtained by the 
Sanki CPC model and the SF method. Two solvent systems were employed. namely 
I-hexanol-aqueous buffer (0.02 M MPS, pH 7.4) and cyclohcaanc-aqueous buffer 
(0.07 .W MPS. pH 7.4). The aqueous and organic phases were mutually saturated. 
Preliminary stud& using a I-octanol-aqueous buffer and t?-hexane aqueous buffer 
systems were not successful. probably because of the high viscosity of I-octanot and 
the tow density and/or viscosity of n-hexane. respectively. In the I-hexanot aqueous 
buffer system. I-hexanot was used as the mobile phase and aqueous buffer as the 
stationary phase. The flow-rate was 1 .X ml ‘min and the pump pressure was 55 kg:‘cm’ 
at a rotation rate of 500 rpm. In the cyclohexanc aqueous butTcr system. water was 
used as the mobile phase and cyclohexane as the slalionary phase; the flow-rate was 
2.4 ml min and the pump pressure was 50 kg’cm2 at a rotation of 700 rpm. In 
I-hexanol water and cyctohexaneewater systems. a good reproducibility of partition 
coefficient measurements was obtained (S.D. < 4%) by the Sanki CPC model. l- 
Hexano-water and cyctohcxane -water partition coeffcients expressed as log PE&al 

and log PY&%heX. respectively. are reported in Table I. Table I also reports titeraturc 



partition coefficents obtained by the SF method in the I-octanol water and hcxane 
ivater sohent s>,stems and expressed as log ps:, and log pzr, [45], respectively. Good 
linear relationships between partition coetlkients obtained by the Sanki CPC model 
(log PC”) and partition coefficients measured by the SF method (log pF) were ob- 
tained as follows: 

log e,E, = I.23 f 0.16) log EL&,,, - 0.X( f 0.16) (\I = 20; /-= 0.968; s = 0.15) (4) 

log P;;, = 1.03 f 0.3 I) log P$YzOhrl -0.21( k0.29) (/1=8: r=O.959; .~=0.26) (5) 

\vhere II is the number of compounds, I* is the correlation coefkient. and .P is the 
standard deviation of regression. The ivalues in parentheses are the 95’/b confidence 
limits of the rcgrcssion coefficients. Eqns. 4 and 5 indicate that multichannel cartridg- 
es CPC is a useful method for measuring partition coefficients. HoweFser. the narrow 
range of measurable lipophilicites. the continuous “bleeding” of the stationary phase, 
the high pressure and the resulting breakage of tubing limit the usefulness of this 
tcchniquc. 

Toroitltrl cwil CPC. Toroidal coil CPC has been used by some to measure parti- 
tion coeficients of a few coloured compounds [30]. The log Fpc values measured by 
this technique arc reported at the end of Table II. This technique pro\sed its potential 

T.ZBLE I 

P:\RTlTIOY COEF-FlClENTS OF VARIOUS ORGANIC COMPOL’NDS MEASURED B1’ hlUL- 
TICIIANNEL CARTRIDGES CPC USIKG I-lIEX/iNOL WATER :ZND C1’CLOlIEN.4NE b’A- 
PER SOLVENI S1’STFhlS 

B~n7~11csulpl1o11amldc 

Phtrn~ Imeth> lsulphoaie 

Phen! Imethq Isulphone 

Ben7am1de 

ketmilide 

4nlllll~ 

Benz> I alcol~ol 

Phen~ kthunol 

t%cnc~l 

Pl1c1q I acetate 

I\;itrobenrene 

4 ~minophtmol 

3-Aniinophsnol 

4Nitroaniline 

.3-Nitroaniline 

l-Nitroanilinc 

j-P:,ridqlmethanol 

4-P) ridqlethanol 

4-P) rdj Ipropanol 

4-P) rid] lbutanol 

4-P) ridj Ipenlanol 

” Tahen from ret‘ 15 

” I\lol determinrd. 

0.4-t 

0.60 

0.69 

0.74 

0.99 

I .03 

1.0x 
_h 

I. 1-4 
1.33 
I .45 

0.1 I 
0.70 

I .-I9 

I .35 
I .17 

0.” 

0.G 

0.80 

1 .Ol 

I .-I7 

0.3 I 

0.55 

0.19 

0.63 

I.16 

0.90 

I IO 

I .-I? 

I .33 
I .86 

0.0-l 

0.52 

1.39 

I 37 

I .x3 
0.06 
0. IO 

0.5X 

0 90 

I .39 

- -J ‘8 _.- 

- 1.29 

- 0.59 

- I 9’ 
- I.31 

0.12 

-0-M 

0.01 

- 0.69 

_ 
- l.h2 

- 1 07 

-092 

O.-l2 

0.67 
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TABLE II 

IX7 

PARTITION COEFFICIENTS OF V.4RlOUS ORGANIC C’OhlPOl:NDS MEASURED BY THE 

IT0 MULTILA\r’ER COIL SEPARATOR EXTRACTOR (UNLESS OTHERWISE INDICATED) IJS- 
lr\lG I-OC‘TAhOL~Cf’XTER >4KD /I-llEPT.4NE-W>4TER SOLC’ENT SJ’STEMS 

Solute 

Phenol 

2-Chlorophenol 

-I-C‘hlorophenr>l 

2-Nitrophcnol 

3-Nitrophcnol 

J-Nitrophtmol 

2-.4n1uwpl1cnnl 

3-.4mlnophttnol 

3-hlcthm> phenol 

d-Metho\> phenol 

-J-klethylphenol 

‘.6-D1Auo1-ophcnol 

.4nilinr 

2-Nitroanilinr 

3-Yitroanlllnc 

l-Nitroanillnr 

l-Chloroanillne 

N-Mcth> la111hnr 

N.N-D~mcth~lanilinc 

/wPhrn> Iencd~a~nlnc 
I?-Phenl Icned~aminr 

Benz&c 

Fluorobrwene 

Chlorohcnrcnc 

Nitrobenzsne 

Tolucnc 

Ben7~rldd~jdc 

Benzamiclc 

I-F luorotxm~aniidle 

2-~‘hlol-ohen7~~mIdr 

2-Bromobcn7al11l~i~ 

Bcnq I alcohol 

2-k~lunrohcn7~ I ~~lcohol 

-bFluorobcn7~ I alcohol 
?.6-Difluoroben7! I alcohol 

Be1174 laniine 

3-C’hlorcdwnmlc acid 

l-Brotnobcnzoic acd 

-I-lod~1hcn~nic acid 

l-)l~cirox! hcn7oic xxi 

Anisolc: 

Acetophrnonr 

3-Cliloro~tcr’t~1niliclc ‘ 
‘-Naphthol 

Pj ridinc 

2-Aniinop> rldinc 

-1-P> rid! In1etl1anol 

-!-P,ridJ lpropanol 
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Catechol 

Cafieine 
Pentobarbital 

Secobarbital 
Hexobarbital 
Morphine 
Sulpindc 

Sulphamerazine 
Sulphathiazole 
Sulphanilamide 

BzSA” 
4-Methyl-BzSA 
3-Mcthyl-B7SA 
4-Chloro-BzSA 
?-Chloro-BzSA 
4- Bromo- BzSA 
3-Bromo-B7SA 

-I-lodo-BzSA 
3-lodo-BzSA 

4-Isopropyl-B7SA 
?-Isopropyl-BzSA 
4-Phenq I-B7SA 

-&C>ano-BzSA 
?-Cbano-BzSA 
4-.Acetvl-B&A 
?Acet;l-BzSA 

4-Mrthoxy-B&A 
3-Methoxy-B&4 
-I-Vitro-B7SA 
?-Nitro-BzSA 
-&But>louy-B&A 
3-But!, louy-B/SA 

J-Hex>loyi-B7SA 
-I-Sulphonamido-B&A 
3-Sulphonamido-B&4 

-I-Carboltyamido-B7SA 
?-Cclrhoxyamido-BzSA 
1-Ammo-B&4 

?-.4mino.BzSA 
l-%feth~Isulphonamido-B&A 
-I-4cctanilido-B&A . 
I-H>droxy-B7S.4 

J-.4DSc 
4’-Methyl-4-ADS 
?‘.-I’-Dimethyl-4-ADS 
-I-Fluoro-4-ADS 
I’-C’hloro-4-ADS 
-I’- Br~~mo-4-ADS 
l’-Clano-4-ADS 

I’-,4cet\ I-4-ADS 
I’-Metho~~carbonI_1-ADS 
I’-Mcthosq-6ADS 

- 
- 
- 
- 
- 
0.84 
0.52 

0.07 
0.04 

- 0.85 
0.33 
0.83 
0.85 
- 
- 

- 

1.77 
1.58 
1.96 
1.96 
2.60 
0.40 
0.27 
0.31 
0.23 
0.48 
0.65 
0.72 
0.m 
2.19 
2.09 
2.83 

- 0.70 
-- 0.56 
- 0.66 
- 0.55 

0.64 
- 0.38 
- 0.73 
-- 0.10 
- 0.06 

I .84 

1.69 
9.17 
_ 

3.15 

2.13 
I .99 

- 
- 0.07 

2.07 
I .97 
I .49 

0.76 
0.58 
0.14 

0.05 
- 0.72 

0.35 
Cl.80 
0.90 
1.10 
1 20 
1 3x 
1.39 
I .s’) 
1.62 
I .75 
I .70 

‘.2X 

0 32. 

0 26 

0.23 
0.25 
0.45 
0.57 
0.75 
0.56 
2.09 
2.10 
1.93 

- 0.96 
0.46 

- 0.79 
- 0.x0 

0.61 
- 0.2% 
- 0.76 

0.00 
- 0.06 

1.76 
2.40 
2.73 
2.01 
2.57 
7.x 

I .63 
I .67 
7 -Ii _.__ 
I .96 

- 2.72 - 2.85 
-2.21 -2.18 

- 1.22 - 1.30 
- 0.99 - 1.00 
- 0.57 - 0.70 

- _ 

- - 
- - 
- _ 

- 2.54 _ 

- 2.42 - 

- 2.35 _ 

- 2.27 _. 

- 2.21 _ 
-2.17 - 

- 2.04 _ 

- 1.91 - 

- 1.91 _ 

- 1.37 _ 

- 1.41 - 

- I.24 - 

- 2.54 
- 2.33 
- 2.74 - 

- 2.74 _ 

- 2.71 
- 2.33 

-- 2.96 _ 

- 2.98 
- I.12 
- 0.94 - 

- 0.4 I 
- 

- 
_ 

- _ 
- - 

_ - 
- 0.97 

- 0.49 _ 

- 0.67 
0.76 _ 

-0.91 _. 

- 0.44 - 

- 1.43 - 

- 1.33 ._ 

- I.18 _ 

- 0.9% 
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TABLE II (continued) 

2’.4’-Dimethoxy-4-ADS 
2’.4’.6’-Trimethoxy-4-ADS 

4’-Nitro-4-ADS 
2’.4’-Dinitro-4-ADS 
4’-N,N-Diethylamino-4-ADS 

2’-Amino-4-ADS 
2’,4’-Diamino-4-ADS 
4’-N.N-Dimethylamino-4-ADS 
4’-N-Ethylamino-4-ADS 
4’-N-Hydroxylamino-4-ADS 
2’,4’,6’-Trihydroxy-4-ADS 
Cytidim? 
Adenosine!’ 
Inosine” 

Uridineg 
Cytosineg 
Guanosineg 
ThymidimY 
Uracilg 

Thymineg 
5-Fluorouracil” 
Adenineq 
Glycine” 
Alanine 

Proline” 
Phenylalanineq 

Try ptophaneq 
Tyrosine” 
Pararosaniline 
Crystal violet 

Sudan III 
Phenol red 
M PTP’ 

4’-amino-MPTP 
MPPtk 
4’-Methyl-MPP + 

I .65 

2.03 
1.84 

1.75 
0.38 
I .93 
_ 

I .75 
_ ’ 7’ 

- T.& 

-2.11 
- 1.98 
- 1.51 

- 1.94 
- 1.19 
- 1.14 
-0.61 
- 1.01 
-0.16 
- 3.00h 
- 2.77h 
- 2.62h 
- 1.44h 
- 1.15h 
-2.11h 
- 0.21d 

0.51d 
2.11d 
3.0Zd 
2.71 
1.48 

- 2.28 
- 1.90 

I .63 
I .03 
2.13 

2.04 
1.44 
1.56 

0.38 
2.04 
1.98 

0.88 
1.23 

-2.10 

- 0.98 
- 2.00 
- I .89 

- 1.73 
- 0.92 
- 1.10 

- 1.07 
- 0.62 
- 0.95 
- 0.09 
- 3.00’ 
- 2.74’ 
- 2.54’ 

- 1.52’ 
- 1.11’ 
- 2.42’ 

- 

- 

3.61 
- 

- 1.04 

_ 

u Taken from ref. 45. 
’ Not determined. 
‘ Log distribution coefficient (log D) at pH 7.4. 
d Measured by toroidal coil CPC 31. 
’ BzSA = benzenesulphonamide. 

f 4-ADS = 4-ammodiphenylsulphone. 
4 Measured by horizontal flou-through CPC. 
h Log distribution coefficient (log D) at isoelectric point 

’ Log distribution coehicient (log D) at pH 7.0. 
J MPTP = I -phenyl-4-phenyl- I .2,3,6_tetrahydropyridine. 
’ MPP’ = I-methyl-4-phenyl-pyridinium iodide 

- 1.50 
- 2.27 

- 1.00 
- 1.22 
- 2.03 
- 1.70 

- 

- 1.19 
- 1.38 
- 2.30 - 
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Fig. I A chromatogram of a mixture of J-amino-B&I and I-acetanilido-BzSA using the Hov.-through 

multlla>er CPC apparatus. The ahsc~ssa IS the retention llmc in mlnules and the ordinate is the L’c’ spectral 

,rhsorhancr. Phosphate bufrer (pII 7.4) and I-octanol \+ere uccd as the rnobllc and stationar> phaxs, 

rcspectl~el!. Peaks: I = pc)t:ls;sium dichromate; 3 = 3-aminwBAA: 3 = J-,cet,,l,lldo-BzS~. 

to calculate the partition coefficient of highI>, lipophilic or hydrophilic coloured com- 
pounds from their mo\vement observed in the transparent coil under stroboscopic 
light. Thus. the retention time of highly lipophilic or hydrophilic solutes, which take a 
vet-b long time to elutc, can he calculated using eqn. 3 when the solute is still far from 
the column outlet. Unfortunately. no literature log pF values are available for com- 
parison except p-nitroaniline (log pF = 1.39; log Fpc = 1.30). The most olxious 
limitation of the method is solute detection. urhich in the present state of de~~elopment 

Fy. ? .A trlpllcate mra\urement 01‘ L-tluorouracll at three dlf‘erent concentrations using the horvontal 

tlou-through multilayer C‘PC‘. The absc~<sa is the retentlcbn time in minutes and the ordinate is the UV 

spectral absorbance. The volume of stationary and moblIe phases IS 262.5 ml and X7.5 ml. respcctl\el>. 

Aqueous hlPS bufl;r (pH 7.1) \\;I\ used as the mobile phase and I-octanol as the stationary phase; the 

flo\\-rate v,as adjusted to 6 ml IIIIII Peaks: I = potawum dlchromate: 2= 5-lluorouracil. 



is restricted to coloured compounds. Ho\ve\er, Me believe that the method could be 
eutcnded to all UV-aclite solutes by using a stroboscopic UV light source. 

Flm.-thrott,qlt CPC‘ md lto~i,-ortttrl,~~~~~~-tltr~ot~cylt CPC. 1-Octanol-aqueous buffer 
and /t-heptane +queous buffer partition coefficients (log Pzzc and log PC,“,‘) measured 
bq the Ito multila>er coil separator- extractor and the horizontal flow-through CPC 
(CCC-1000 model), arc reported in Table II. The tM-0 techniques gave very satis- 
factory results. Ho\vever. the Ito multilayer coil separator-extractore instrument is 
limited to a rotational speed of 800 rpm and the coil should be accurately balanced. 
The range of measurable log P Fqalues is - 3.0 to + 3.0 in the two solvent systems. and 
the a\w-age time of a triplicate measurement is about 2 h. The average time can be 
reduced by measuring a mixture of compounds, provided that their peaks are fully 
separated as illustrated in Fig. 1. An excellent reproducibility of partition coetlicients 
\v;ts obtained (S.D. < I a 0) by both the Ito multilayer coil separator-extractor and 
the horizontal flow-through CPC. as illustrated in Fig. 2. Fig. 2 also reveals that the 
retention time of solutes was constant in the usual concentration range. Furthermore, 
the precision of measurements by these techniques is not affected by changing the 

a 
b 

Fi+ 1 C’hromatograms of (a) l’-amino-MPTP (log D”‘= - 0.19) and (b) 4’-methyl-MPP + (log 
DC” = - 1.90) using the Hoa-through multilayer CPC apparatus. The abscissa is the retention time in . 
minute5 and the ordinate is the UV spectral absorbance. Phosphate buffer (pH 7.3) and I-octanol Here 
used 3s the mobile and statlonaq phase. respecti\elq. The flow-rate was (a) 8.00 ml min, and (b) 1.10 

ml min Peaks: I = potassium dichromate; 2 = A’-amlno-MPTP; 3 = 3’-mcthq I-MPP’ . 
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-3 -2 -1 0 1 2 3 
log PElcqc 

HOU -rate of the mobile phase and Ior the volume ratio of stationary and mobile phas- 
es, as shown in Fig. 3. Roth the aqueous and organic solvent can be employed as 
mobile phases depending on the lipophilicity of solutes. In both cases, very stable 
baselines, as shown in Fi_g. 3 and 4. were observed. 

Excellent correlations were found with literature partition coefficients measured 
by the shake-flask method (log p”), as demonstrated in Figs. 5 and 6 and eqns. 6 and 
7: 

log pso;, = 0.99( f 0.0 1) log ET9’ ~ 0.0 I ( f 0.02) (n = x9; I’= 0.997: s = 0.12) (6) 

log e&=0.99( ~O.Ol) log Pg.-0.04( &().()2) (II=3(): ,-=0.999: .s=O.O8) (7) 

-3 -2 -1 1 2 3 

Fig. 6 Linear rclation\hlp betwrrn n-heplant: \catcr partition coefficients measured by the CPC and SF 

methods (eqn. 7). 
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Guanosine and MPP+ were excluded from eqn. 6. the deviations being most probably 
the result of some inherent limitations of the shake-flask method. These equations (6 
and 7) clearly indicate that the same partitioning mechanism is operative in both CPC 
and SF methods, the slopes being equal to one and the intercepts to zero. In addition. 
these equations prove the potential applicability of CPC for measuring the partition 
coefficient of various drugs and many chemical compounds of chemical or biological 
interest (Table II). 

CONCLUSlOhS 

CPC is demonstrated in this stud) to be a valuable alternative to the SF and 
RP-HPLC methods for measuring lipophilicity. Indeed. CPC combines the advantag- 
es of the SF method (ability to obtain genuine partition coefficients. possibility of 
using a tsarietl of sol\Tent systems) Lvith those of RP-HPLC (rapidity, reproducibility. 
dccrcased interference by impurities). In our experience. solutes of log P values rang- 
ing from - 3 to + 3 can be measured in triplicate in about 3 h. and the results for a 
large number of compounds correlated cery w,ell with published log P values obtained 
by the SF method. The experimental conditions reported here result from a two-year 
effort in optimization, but more progress is to expected as CPC systems become 
dedicated to the measurement of partition coefficients. 

B. T. and N. E. T. are indebted to the Swiss Science Foundation for Research 
Grant 3 l-3753 1.89. C. A. was supported by a post-doctoral NATO fellowship. The 
technical assistance of Gilles Boss is acknowledged. 
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